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Foreword 


This is one of a series of working papers providing extensive 
background material and initial results of Agriculture Canada's Food and 
Agriculture Regional Model (FARM), a large scale, quarterly forecasting 
model of Canadian markets for agricultural commodities, food and inputs, 
The project is a cooperative effort of a number of staff in Agriculture 


Canada, five Canadian Universities, and contract consultants. 


These working papers report on preliminary results obtained from 
the project to date. The results include, in most cases, tests of earlier 
hypotheses, thus providing a chronology of the development of the model. 
Further revisions of the model are continuing and a technical report outlining 


the complete model is forthcoming. 


These working papers are being released on a limited basis at this 
time not only to provide an indication of work ongoing but more importantly 
to ohtain reviews and critiques of professionals and potential users. Results 
presented in this report are preliminary and should not be cited without the 
permission of the author(s) or the Project Director. Comments should be 
forwarded to the author(s) or to H.B. Huff, Project Director of FARM, Policy, 


Planning and Economics Branch, Agriculture Canada, Ottawa KIA 0C5. 


A number of people have been instrumental in preparing the results 
presented in this report. The author(s) however accept responsibility for the 


final content of the paper. 


“het bartesdo arhiees x cretion co i 
| teins. to erees 20289 reo ai ef be of 
«faba oft to oeeren wuts to! y ~ b 


AN me rd, a a rook a 

aid ts alzed besimil 2 mo bousoles pied wth ca ‘’ is 
lain rdqgnt orn tod gittogno iow the witha zon 2 7 

wr baeait’ epee  talanston bus casa very there | wit 
of biwate ence onda Saar rw = : tun lett to notes iy | 


ua teegs edt gairagog ih sorte f 
ot? 1 \aitidienoneo: ania “sired ( 


ed ed 


Sy OF -— CO) We — FO CNS 


BS) HO. SHOP EIN? Torah 
fi. 22m . 6 ape) (Oa we 


WwW WwW Ww W W W 
e ° e e e e 
CH) ee SCO BIN a) SC 


Or Ot Oi Ca Or OF oO 
e e e ° e e e 
Cy Ol SCO ai 2 Se 


A Quarterly Forecasting Model for the International 


Wheat and Feed Grains Sector 


Harry de Gorter and Ralph Lattimore 


aw e-  e 


INTRODUCTION 

OBJECTIVE 

RELATIONSHIP TO PREVIOUS RESEARCH 
OUTLINE OF PAPER 


ELEMENTS OF THE WHEAT-FEED GRAIN INDUSTRY 
INTRODUCTION 

GRAIN PRODUCTION 

DOMESTIC GRAIN UTILIZATION 

GRAIN INVENTORIES 

INTERNATIONAL TRADE 

CANADIAN AND U.S. GRAIN PRICES 


THEORETICAL AND METHODOLIGICAL ISSUES 
INTRODUCTION 

DEMAND 

COMMODITY INVENTORIES 

PRICE DETERMINATION 

PRICE LINKAGE EQUATIONS 


THE MODEL STRUCTURE 
AN OVERVIEW OF THE ECONOMETRIC MODEL 


THE ECONOMETRIC MODEL RESULTS 
INTRODUCTION 

FEED DEMAND EQUATIONS 

FOOD AND INDUSTRIAL DEMAND EQUATIONS 
FARMER MARKETING EQUATIONS 

ENDING INVENTORY EQUATIONS 

IMPORT DEMAND EQUATIONS 

CANADIAN EXPORT PRICE EQUATIONS 


Page 


Sl OU ae 


[@>) 


CH OW Oils Ol (One ca 
Oe /. £5 ents = 8, ae 


Cy Ow =O), Sy 
FP WH YO — 


2 


WORKD IMPORT PRICE EQUATIONS 
CANADIAN WHOLESALE PRICE EQUATIONS 
CANADIAN FARM PRICE EQUATIONS 

CWB FIXED PRICE EQUATIONS 
BALANCING IDENTITIES 

PRICE DETERMINING EQUATIONS 


THE EX-POST SIMULATION RESULTS AND EX-POST 
FORECAST ERRORS 


INTRODUCTION 

EX-POST SIMULATION RESULTS 

EVALUATION OF THE SIMULATION PERFORMANCE TEST 
EX-POST FORECAST RESULTS 


SUMMARY 
CONCLUSIONS 
FUTURE WORK 


REFERENCES 


Page 


36 
36 
36 
36 
38 
38 


40 
40 
40 
42 
43 


Aa 
ff, 


APPENDIX - Equation Specification and Estimates of the 


Quarterly Forecasting Model for the International 


Wheat and Feed Grains Sectors 


ah = 


LIST OF TABLES AND GRAPHS 


Page 
PLGURE 7.1 Canadian and U.S. Wheat Price Movements 14a 
PIGUREY 202 Montreal Barley - Chicago Corn Price Differential 14b 
FIGURE 2.3 The Montreal Barley - Off-Board Farm Barley Price 14c 
Differential 

FIGURE 3.1 Reservation of Demand Curve for Feed Grains 17 
FIGURE 3.2 World Price Determination for Grains 19a 
FIGURE 4.1 CANADA/U.S.A. 30a 
TABLE 4.1] An Overview of the Model 30b 
TABLE 5.1 Feed Demand Equation Estimates 39a 
TABLE 532 Food and Industrial Demand Equation Estimates 39b 
TABLE 5.3 Farmers' Marketings Equations 39¢ 
TABLE 5.4 Canadian Ending Inventories Equation Estimates 39d 
TABLE 5.5 U.S. Ending Inventory Equation Estimates 39e 
TABLE 5.6 Feed Grain Import Demand oof 
TABLE 5.7 Wheat Import Demand Equation Estimates 39g 
TABLE 5.8 Canadian Export Price Equation Estimates 39h 
TABLE 5.9 World Import Price Equation Estimates 391 
TABLE 5.10 Canadian Wholesale Price Equation Estimates 39) 
Peo bre 5. 11 Canadian Farm Price Equation Estimates 39k 
TABLE 5.12 CWB Fixed Price Equation Estimates 391 
TABLE 5.13 World Wheat Price Equation (U.S. $/tonne) 39m 
TABLE 6.1 Simulation and Forecast Results 43a 
FIGURE 6.1 World Wheat Price, U.S. $(U.S. Gulf Ports) 43b 
FIGURE 6.2 World Corn Price, U.S. $(Chicago) 43c 
FIGURE 6.3 U.S. Wheat Exports to ROW 43d 
FIGURE 6.4 Canadian Wheat Exports to ROW 43e 
FIGURE 6.5 U.S. Feed Grain Exports to ROW 43f 
FIGURE 6.6 Canadian Feed Grain Exports to ROW 43g 
FIGURE 6.7 U.S. Feed Grains Totle Ending Stocks 43h 
FIGURE 6.8 Canadian Commercial Barley Stocks 431 


FIGURE 6.9 
FIGURE 6.10 


FIGURE 6.11 
FIGURE 6.12 
FIGURE 6.13 
FIGURE 6.14 
FIGURE 6.15 


TABLE 2.1 
TABLE 2.2 
TABLE 243 
TABLE 2.4 


- ivV- 


Canadian Farm Barley Stocks 
U.S. Feed Grain Feed Demand 


U.S. Wheat Food & Industry Demand 
Canadian Farmer Marketings of Barley 
Canadian Barley Export Price 

Canadian Wholesale Corn Price Montreal 
Canadian Off-Board Barley Price 


Wheat and Feed Grain Production 
Grain Disposition 

Total Grain Inventory Levels (END) 
Canada and U.S. Grain Exports 


46d 


A Quarterly Forecasting Model for the International 
Wheat and Feed Grains Sector 


Harry De Gorter and Ralph Lattimore 
SECTION 1 


Introduction 


1.0 INTRODUCTION 

This study reports on the preliminary results obtained in the 
construction of a quarterly international forecasting model of the wheat 
and feed grains sectors. The problem of generating timely forecasts has 
become more apparent with the unprecedented rise of agricultural and food 
prices in the 1970's. The continued volatility in food prices has 
directed attention to commodity analysis in particular and to economic 
forecasting in general. The inflationary spiral precipitated partly by 
food prices in this decade has resulted in both public and private economic 
agents requiring increasingly integrated and complex models of the 
agricultural sector for forecasting and decision purposes. Over the 
years, a number of complex, multi-dimensional, agricultural commodity 
models have been developed for exploring past price movements and forecasting 
the future. This study develops a model of the international grain market. 

The uncertain economic climate of this decade was influenced 
by the turbulent developments in the international wheat and feed grain 
markets. The reduction in stocks, changed governmental programs and 
uncertain conditions in international markets are among the factors 
responsible for the intensified interest in forecasts of key economic 
variables present in the grain economy. The urgent and demanding interest 
in wheat and grain market forecasts is magnified by its importance indirectly 


in the developments of meat, eggs and dairy product prices, and directly 


a 
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in the determination of the CPI for food and its favourable contribution 
to the balance of payments, Hence, accurate forecasts enables more 
enlightened policy formulation and correspondingly better resource 
allocation at all market levels of the agricultural industry. 

An understanding of the supply, demand and short and long term 
price relationships in the international wheat and feed grain industries 
are critical for changes in the sector to be anticipated so that optimal 
decisions can be orchestrated by those involved in the production, 
marketing and policy processes of agriculture. A forecasting model 
presents a necessary component of providing decision makers with detailed 
information of the structural parameters and the future developments in 
the wheat and feed grains sectors. The purpose of this study is to 
capture in a quantitative framework the basic economic relationships 
affecting the determination of prices in the international grain economy 
so as to derive a better understanding of the grain markets and to 


forecast key economic variables. 


1.1 OBJECTIVE 

The primary objective of this study is to identify the 
structural parameters which affect the supply, demand and price 
determination processes of the international wheat and feed grain markets. 
In order to meet this objective, an econometric model is developed capable 
of generating forecasts on a quarterly basis. The model presented is very 
simplistic in structure with a high level of aggregation in both regions 


and commodities. 
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However, the mode] developed in this paper is constructed 
so as to be compatible with the other sectoral models of the comprehensive 
forecasting model being constructed by Agriculture Canadal/ The level of 
aggregation is consistent with the other models in terms of regions and 
time periods (quarterly). In particular, the model is linked to the 
livestock, poultry and dairy models through feed demand equations, which 
are affected by livestock, poultry and milk production and prices. 
Furthermore, feed demand is determined in part by soybean meal prices. 
Likewise, variables endogenous in the following model are linked to the 
livestock and other models. Specifically, feed grain prices at the farm 
level affect livestock, poultry and milk supply (slaughter and inventory 
changes) as well as various cost of production formulae computed in the 
poultry and dairy sectors. Furthermore, wholesale grain prices are 
linked to the consumer price index directly and to retail demand block for 
food and industrial demand for grain products. In addition, soybean 
meal prices are a factor in determining export demand for both feed grains 
and wheat in Canada and the U.S. Finally, the farm income block are 
dependent on the endogenous prices, exports, and marketings in the 


following model. 


1.2 RELATIONSHIP ‘TO PREVIOUS RESEARCH 

There have been several econometric models developed in the 
past for wheat and feed grains. For the U.S., several annual models 
have been constructed, mostly for the purposes of policy analysis. The 
models specific to feed grains include King (1958), Meinken (1953), 


1/7 See other working papers in this series and the complete report by 
Agriculture Canada on the FARM project. 
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Meilke (1971, 1972), Roy and Ireland (1974), Womack (1976), Hein (1977) 
and the U.S.D.A. (1977). Annual wheat models developed for the U.S. 
specifically include Meinken (1955), Mo (1968), Barr (1973), Gomme (1972) 
and by the U.S.D.A. Each of the aforementioned models are annual, 
aggregate, national, and do not explore the interactions between wheat 
and feed grains. Several annual U.S. models consider feed grains and 
livestock sectors together including Cromarty (1959), Egbert and 
Reutlinger (1965), Foote (1953) and Hildreth and Jarret (1955). 

Annual international grain models have been developed by 
Bjarnason (1968), Schmitz et al (1973), Coffin (1973), Kost (1975), 

Zwart (1977), and Rojko (1977). 

The model developed in this study is quarterly, solves the 
wheat-feed grains sectors simultaneously and is international in scope 
including both the U.S. and Canada. The only complete quarterly 
forecasting model published for Canada and the U.S. which determines 
endogenously the world price of feed grains is reported in de Gorter (1977) 
and Meilke and de Gorter (1978). | 

Three U.S. specific agricultural models constructed by private 
firms such as Wharton, Chase and DRI contain quarterly wheat and feed 
grain models. 

Several annual Canadian models for feed grains, Reimer and 
Kulshreshtha (1974) and LaForge (1974) have also been developed but 
assume the world prices as axcuenais. 

The model presented in this paper follows de Gorter (1977) and 
adds a quarterly wheat model, extends the Canadian sector since data was 
was developed in the course of this study, and disaggregates the U.S.S.R. 


from the rest of the world export demand components. 
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In addition, the following model is constructed so as to link 
with the other livestock, poultry, dairy and oilseed components 
developed in the Agriculture Forecasting Sector Model at Agriculture 


Canada. 


lad) “OUTLINE OF PAPER 

In Section 2, a brief description of the characteristics of 
the international wheat and feed grain markets is presented, with 
emphasis on Canada. In addition, a short review is given of the economic 
and policy developments in the grain and livestock industries so as to 
provide an analytical background for the specification of the model. 
Some theoretical background for analyzing the grains market in a quanti- 
tative framework is presented in Section 3, followed by a presentation 
of the model structure in Section 4, Section 5 contains the detailed 
specification of the econometric model and Section 6 contains the results 
of the historical validation, a short prediction interval test and an 
evaluation of the models performance. Finally, Section 7 deals with the 
conclusions, model limitations, suggestions for improvements and 


considerations for further research. 
2.0 ELEMENTS OF THE WHEAT-FEED GRAIN INDUSTRY 


2.1 INTRODUCTION 

This section provides a brief overview of the wheat and feed 
grain markets in Canada, the U.S. and the rest of the world (ROW). This 
overview will be helpful in understanding the econometric model developed 


in subsequent sections. From this, a rationalization of the individual 


ine 


oP ave 


components, level of aggregation and regional disaggregation becomes 
more apparent. The historical review deals with trends in crop and 
livestock production, utilization, trade and government policies that 
affected and were related to the grains industry over the time period 


studied. 


2.2 GRAIN PRODUCTION 

Wheat and feed grain production levels are presented for Canada, 
the U.S., the U.S.S.R. and the rest of the world from 1967 to present in 
Table 2.1. It is evident that feed grains production has grown more 
rapidly than for wheat. The largest source of variation in production 
is in yields which are largely affected by disease and variation in climate. 
A significant fluctuation in world grain production can have a large impact 
on the variability of North American exports, contributing to world price 
instability. Therefore, the trends and variability in world grain 
production have a significant impact directly on Canadian grain exports 


and prices, and indirectly on livestock output and farm cash receipts. 


2.3 DOMESTIC GRAIN UTILIZATION 

Wheat and feed grains are utilized in many ways but in the 
aggregate can be divided as food and industrial use, feed to livestock, 
and seed; the latter of which constitutes a small proportion of the total 
disappearance. Data for the respective uses for each region are displayed 
in Table 2.2. 

Grain utilized for food and industrial purposes is relatively 
stable and has trended upward over time. Moreover, there is little 


substitution in demand between wheat and feed grains in this category. 
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On the other hand, feed demand has increased over time, a major portion 
of this growth being accounted for by the steady growth in overal] 
livestock production over the past two decades. However, the high grain 
prices in 1974-75 discouraged feed use somewhat and the current low levels 
of beef and hog production has limited feed disappearance. However, feed 
use is the largest consumption outlet for feed grains in Canada and the 
U.S., rendering it very important in the modelling effort in order to 
capture the movements in feed grain prices. Wheat used for feed in North 
America is far smaller relative to feed grains although wheat used for 
feed in Canada approached 20 percent of production in the early 1970's. 
There is a high degree of substitution between wheat and feed grains in 
feed demand. 

The use of feed grains exhibits high seasonality during the 
course of a year. In the fourth calendar quarter, approximately one- 
third of the total yearly feed usage takes place. This is due mainly 
to low seasonal prices for feed grains, and the abundance of supplies 
during the harvest period and the availability of pasture. Feed usage 
progresses downward in the winter and spring seasons and is lowest in the 
summer. The small summer consumption is due primarily to three factors: 
(1) beef and dairy cattle are on pasture; (2) seasonally low hog production, 
and (3) low seasonal prices for wheat which is substituted for feed grains 
as feed, 

Livestock accounts for a major portion of growth in feed 
demand. Feed conversions have changed over time with the improvement 
of feeding practices and animal breeds. This phenomena is most pronounced 
in poultry production where feed conversion ratios have doubled in the past 


decade, having significant repercussions on corn demand since corn is the 
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major input in poultry production, Feeding rates have also changed as 
farmers found it profitable to change feeding levels in response to 

changes in input and output price. The livestock/grain price ratio has 
declined sharply since the commodity boom of 1972 and rising grain in 

the face of increasing grain supplies, having several implications for 

the feed grain and livestock industries. First, feeding rates per animal 
dropped and second, therewas a shift from grain-fed to grass-fed beef. 

The change in the composition of beef production in the United States 

since 1970 has been from 97 percent (1973) fed to 75 percent fed (1975)L/ 
These developments have lowered the demand for feed in both the short-run 
and the long-run, as cattle breeding herds have been liquidated in response 
to the relatively low beef prices, Developments in the past two years 

has reversed the aforementioned scenario whereby livestock prices are high 
whilst the feeding rates and the proportion of cattle on feed has increased 


markedly. 


2.4 GRAIN INVENTORIES 

The levels of grain inventories in Canada, the U.S., the ROW 
and U.S.S.R. are included in Table 2.3. Through the early 1970's, 
Canada and the U.S. accumulated large levels of inventories under 
government program in the U.S. and CWB marketing quota policies in 
Canada. During the period 1971-73, grain stocks were depleted with the 
Surge in exports resulting from increasing ROW incomes, changes in U.S.S.R. 
procurement policies and production shortfalls over the world, all 
precipitating the commodity boom. However, inventory levels for grain 


are approaching levels reached prior to the aforementioned commodity boom. 


1/ U.S.D.A. Livestock and Meat Situation (various issues). 
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Canada has not had a general policy of public financial stockholding 

and production control. The Canadian Wheat Board (CWB) controls farm 
stocks of grain indirectly and conmercial stocks directly for the 
majority of grain (Western Canada) by imposition of quotas on farmer 
marketings of grain to the commercial elevator system. Otherwise, 
market forces prevail for farmers in allocating resources for production, 
feed demand and farm stocks. In Eastern Canada, the grain market is 
affected by the CWB pricing of Western Canada grains in Eastern Canada, 
recent stabilization programs, feed freight assistance programs, tariffs 
and CWB control over barley, oats and feed wheat shipments. In the 
U.S., the Commodity Credit Corporation (CCC) has influenced stocks 
directly with programs allowing government owned and controlled stocks 
to accumulate under minimum price supports (loan rates) and indirectly 


through voluntary land diversion programs and concessional sales. 


2.5 INTERNATIONAL TRADE 

Levels and trends in Canadian and U.S. trade in grains are 
displayed in Table 2.4. There are at least three relevant observations 
to be made. First, Canada and the U.S. account for a major proportion 
of world trade (exports) in both wheat and feed grains. Secondly, world 
trade in feed grains is higher than that for wheat and the former also is 
increasing over time at a faster rate. Thirdly, the increase in grain 
exports mostly has been to developed countries, particularly feed grains, 
for both feed and food uses. These increased exports are due primarily 
to the devaluation of the U.S. and Canadian dollar, increasing world 
incomes and meat consumption, shortfalls in ROW grain production and the 


emergence of the U.S.S.R. and China as major purchasers. 
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In addition, a substantial amount of grain, particularly 
wheat, was exported under various aid programs in both Canada and the 
U.S. For some year, U.S. commercial exports of wheat was less than aid 
shipments. These aid shipments alleviated the downward pressure on 
domestic prices but were also substituting for a portion of commercial 
exports which would have otherwise occurred, 

In summary, grain markets in Canada and the U.S., are heavily 
dependent on developments in world markets and consequently the factors 


which affect the demand for grain exports warrant close examination. 


2.6 CANADIAN AND U.S. GRAIN PRICES 

World wheat and feed grain prices have shown a large variance 
in the time period under investigation. A key element in this study is 
to explain and derive endogenously a representative world price of wheat 
(USS, gulf ports) and feed grains (Chicago corn) through the interaction 
of eipoty one demand for each commodity at the international level. From 
these world prices, regional farm, wholesale, fixed export and import 
prices for both Canada and the U.S. are derived through the explicit 
specification of price linkage equations. This section discusses the 
policy developments and institution involved in Canadian agriculture which 
affect the relationships between these various aforementioned prices and 
the world prices ./ From this, a structural form of these price linkage 


equations can be specified. 


2/ The actual Canadian export prices of wheat and feed grains are not 
published. The price series used in this study for Canadian exports 
are the unit F.0.B. prices published by Statistics Canada. In 
particular, the value of exports reported are divided by sales to 
obtain unit prices. 
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Commercial Grains Policy and Prices in Canada 


Equitable and efficient pricing mechanisms have always been a 
concern to participants in the Canadian grain/livestock industry. In 
Western Canada, prior to the feedgrain policy of 1974, the flows and 
prices of feedgrains occurred in three markets and were under the sole 
authority of the CWB. The accumulation of feedgrain surpluses in the 
late 1960's caused the CWB to adopt a multi-pricing system so that they 
could maximize returns by price discrimination in three distinct markets. 
The three markets were (1) the export market, represented by the Canadian 
export price for wheat and barley, (2) the Prairie feedgrain market, 
which was not under the direct control of the CWB, since quantities and 
prices were allowed to move freely within each province, but was indirectly 
controlled by the CWB's power to restrict interprovincial grain movements 
and its control over access to the export market through delivery quotas; 
and (3) the Eastern Canadian market where prices were often maintained 
above the prices of the CWB's export sale prices and the non-board grain 
farm prices in the Prairies. For much of the time period prior to the new 
feedgrain policy in 1973, the feedgrain market in Western Canada was 
characterized by chronic oversupply, strict marketing quotas, distress 
prices and large stocks. 

Since 1973, there has been a remarkable change in both market 
environment and government policy with regard to the Canadian feedgrain 
market. The turbulent change in world grain markets discussed earlier, 
coupled with the presumed inefficiencies resulting from price discrimination 


generated by the old policy, gave rise to a new feedgrain policy. 
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The major revisions that made up the present policy include: 
(1) the removal of all restrictions on the movement of feedgrains within 
Canada, including the pricing and control of feedgrain shipments from 
Western Canada to Fentceh Canada; (2) an agreement that the CWB would 
stand ready to supply feedgrains at a formula price, based on the price 
of United States corn in Montreal, (and more recently, the price of 
soybean meal) thereby setting a ceiling on Eastern Canadian feedgrain 
prices; (3) to avoid congestion, the CWB maintains the power to set 
delivery quotas for Prairie feedgrains, and remains the sole exporter 
of Canadian grains; (4) establish a storage program for up to 160 
million bushels of grain at an annual cost of 40 million dollars; (5) 
provide a minimum price guarantee to prairie grain producers, for sales 
to the non-board domestic feedgrain market, at least equal to initial 
prices for CWB grain; and (6) establish a system for increased cash 
advances, 

Clearly, the CWB maintains its direct contro! of the volume 
of imports/exports of''wheat and feedgrains and can set the level of 
Canada's export price. 

The changes in domestic feedgrain pricing ended the large 
discrepancy between off-board farm prices in the Prairies and the 
selling price charged by the CWB in Eastern Canada wholesale markets. 
Since the CWB has partially withdrawn from the domestic feedgrain market, 
private traders have tended to equalize farm and wholesale prices across 
Canada except for freight and similar expenses. The relative free market 


wholesale prices in Eastern Canada are below the prices which would have 
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existed under the old policy, and hence below the United States corn 
price in Montreal. The export prices of oats, barley and wheat are 
now higher than the domestic wholesale prices which was not the case 
before. 

In summary, these are three distinct market prices for wheat 


and feedgrains relevant in Canada. 


(a) The export prices for wheat barley and oats, the levels 


of which are set in relation to prevailing world prices by the CWB. The 
approach taken here is to solve for a world price with the model through 
the inter-actions of international supply and demand functions simulta- 
neously for feed grains and wheat. The representative world prices used 
are U.S. gulf ports wheat price and Chicago corn price. From these prices, 
a price linkage equation is developed whereby the CWB export price is set 
in relation to this world price, (the latter of which is affected by 
Canadian exports, supply and demand) modified by economic variables 
hypothesized to affect the CWB's pricing behaviour, Figure 2.1] shows 

the relationship between the Canadian export price of wheat and the 
representative world price. The factors hypothesized to explain this 
relationship is discussed later but the nature of the data series may 


explain part of the discrepancy in that a reporting lag exists. 


(b) The wholesale prices for barley, oats, feed wheat and corn 


in Montreal, These prices are set in relation to Chicago corn prices and 
were directly controlled by the CWB prior to 1974 and are indirectly 
controlled by the CWB since 1974, Figure 2.2 shows the Montreal barley - 
Chicago corn price differential and reveals erratic price movements between 


the two grains. Explanation for this is presented later. 
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(c) Off-board farm prices for barley, oats and wheat in the 
Prairies and Chatham corn prices in Ontario. As shown in Figure 2.3, 
these prices did not bear any direct relationship world feed grain prices, 
particularly after 1974 when the CWB relinquished control of inter- 
provincial movements of feed grains in Canada and prior to 1974, forced 
the adjustment on farmers when weak export markets prevailed and excess 


supplies developed in Canada. 
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3.0 THEORETICAL AND METHODOLIGICAL ISSUES 


3.1 INTRODUCTION 

The purpose of this section is to present a brief synopsis 
of the theoretical concepts that form the basis for the econometric 
model outlined in Section 4 and presented in Section 5. The review 
focuses on the theory relevant to the econometric estimation of demand, 


inventory, price and price linkage relationships. 


3.2 DEMAND 

The theoretical basis for this component model is some variant of 
the competitive model of price determination. Consequently, the estimation 
of demand is of critical importance in modelling historical price movements. 
There are three categories of demand functions specified and estimated in 


the behavioural relationships of this grains model: 


(a) food and industrial demand - normal consumer demand; 
(b) feed demand by livestock - derived input demand; 


(c) foreign demand - excess demand. 


Food and Industrial (Consumer) Demand 


The relationship used to explain food and industrial demand 
for grains derives from consumer demand theory. Demand theory is based 
on the maximization of consumer utility subject to an appropriate budget 
constraint. Solution of the maximization problem through differentiation 
leads to a set of demand equations of the form 


(32m) n= f, (P Pp, Se Ip 


it” cites Y Z,) i=, wanes cl 
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which relate consumption of a commodity n. to its price Pays the prices 


t 
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of other commodities Pi. vee Pat? income Ye and other variables Z,- 
There are many considerations which are relevant to the above equation 
including a set of underlying restrictions such as the Homogeneity, 

Engel aggregation, Cournet aggregation, Symmetry and Slutsky conditions. 
These conditions impose restrictions on complete demand systems so that 
the estimated functions satisfy several important relationships and can 
be appraised. The selection of a functional form is not an issue here 
Since every function is estimated linear in the variables and any non- 
linearities in the system is to be incorporated through varying parameters. 
Dynamic adjustments in consumer demand to changes in demand variables can 
be incorporated through habit persistance, adaptive expectations or state 


adjustment formulations. 


Livestock Feed (Derived) Demand 
The demand for grain as feed depends on conditions in the 

final product market, supply conditions and prices for other inputs, and 
the production relationship between inputs and output. The theoretical 
derivation of factor demand and its properties are well documented 
throughout the literature (Bronfenbrenner (1961), Henderson and Quandt 
(1958)). Feed demand is derived from the underlying demand for livestock. 
Assuming competitive conditions in both factor and product markets, (where 
the marginal cost of feeding grains is equal to the price of livestock) 
the demand for feed grains is the marginal value product curve, where 
the marginal physical product of the input multiplied by the product 
price equals the input price. This is represented as MVPo in Figure 3,1 


below. This case assumes three conditions as you move along the MVPo curve. 
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(1) theprices for livestock and hence output levels 
remain constant, 
(2) prices of other inputs and hence quantitaties employed 
remain unaltered, 
(3) the technical relationship between inputs and output 
(the production function) remains the same. 
FIGURE 3.1 


Deyiation of Demand for Feed Grains 
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Initially, decline in the price of feed grains from Po to P. will involve 
a movement down the MVPo curve to Q,. given the previous three assumptions. 
However, a decline in the feed grains price (say brought about by increased 
supplies) causes the marginal product of substitute inputs to decrease and 
the marginal product of complementary inputs to increase, thereby shifting 
MVPo to MVP. Meanwhile, the quantity of livestock output will increase 
due to the decline in feed grain prices, causing output prices to fall and 


a resulting shift left of MVP, to MVP The resulting demand curve for 


1° 
feed grains is Dc. This demand curve will shift in response to changes 
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in prices of other inputs either substitutes or complements as well as 
to changes in output and product prices. Similarly, changes in the 
technological relationships between inputs and outputs will change the 
marginal: product at each input level and therefore shifts the feed grain 
demand curve. Examples of changes in these technological relationships 
are changing feeding rates, carcass weights and feed conversion rates 


in livestock production. 


Import/Export (Excess) Demand 


It is recognized that wheat and feed grain prices are determined 
largely in international markets, particularly given the heavy reliance on 
world markets by the U.S. and Canada for their grain outlets. A complete 
set of quarterly supply and demand equations for all countries in the 
world is preferrable. However, data limitations, size of the model and 
the effort required would prohibit such an approach, Severe economic 
and methodological problems in specifying, estimating and simulating 
commodity models have confronted economic researchers in adapting models 
to reflect developments in international markets. (Labys (1975)). Most 
empirical research in international trade for agricultural products has 
been carried out with spatial price equilibrium models (Schmitz 1977)). 
Schmitz points out that one of the major problems with this approach is 
that it is extremely difficult to estimate the interrelationships among 
wheat, feed grains and livestock production. In addition, it is recognized 
that government interventions have a pervasive impact on international 
grain trade. Although the role of government policy in affecting inter- 
national trade is not explicitly taken into account in this study, the 


specification of excess demand curves lends itself readily to accommodate 
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effects of domestic and government policy variables on trade. Conse- 
quently, this study estimates directly import demand for each of 
Canadian and U.S. wheat and feed grains. 

The specification and estimation of excess demand functions 
is primarily an extension of conventional demand analysis. However, 
Leamer and Stern (1970) distinguish two cases with regard to import 
demand relationships. The distinction is based on whether or not imports 
and domestic goods are perfect substitutes. If they are not perfect 
Substitutes, then the specifications is analogous to conventional demand 


analysis given in the following equation. 


(3,2) ee hld. Vs PlawP¥). s 
where, 
M equals the level of aggregate imports; 
a is an intercept; 
y is the level of income in the importing country; 
Pm is the price of importables; 


and, Py is the price of all other goods, 


However, if importables are perfect substitutes for domestically produced 
goods (i.e. cross price elasticities are very large) the specification 

of the import demand function should include domestic supply variables. 
This distinction is of critical importance in empirical work since in the 
above case, domestic supplies directly influence imports. In the former 
case, domestic supply influences imports only through its impact on 
domestic prices, and hence the inclusion of domestic supply variables is 


not required. 


. /20 


ae Rr pea siley 


alike be 
i a fi 14 
eh «tae 
Pete aA 
bisa a Bi eay oi 4 
ie ars Vict ey ey. 
A aver ine | 
iH) ia et: 4 4A ude bone wre A ee BO iy aaa Oe ality 
‘meray 


aly Oe te | oe ares me 
oie) ae Ue en Nee te ri : id : 0 a | if 
SUIS Un RO. Weert oly oo ew an q : ee sy 
vs. wir Bo haa , fai 7 : 
" o i i “ : Pal a we bs 7 ve a.” : 
y j ave | Dae cy Ol Re oi een ee 
) t. ) : - ap : 
} F i : . , 
ok ti | ) ave ae 
o id Aw ® . 
: po ‘| » Bee af 4 ol 
> mee Seren ¥ 4 
i ‘a Tif 
} i n ; u 
Cet .. on 
is * 
' 


wat mae a atid "5 ae 
largely: 4h in ‘ternational wants 3 “alin | beg | 
sor td markets by the u.8 5, ant Canady ‘ten tt ' 

set of quarterly Mumply and demand equations fur 3 | aerate " 

world Ag. py ‘Savodhiit od enous” roMrbeat hbo btabbe wel ie : haha ‘3 


Ora 


the effort required Would previo’ S4qHGh ot r EOWA: ur err 
i a i 

red onebodehes tonne nondl ATS ORODARENSENSNRT ans age i hy 

commodity. models haverepHeraeger 16°8974§ BRC HRC HON wy a 


to rePlest deve loangon* Sceicasilcaesinlieadetbdl bea Most, 


: said PSS P Earl ialiladithealcNe oe 25 
OR PRP she Car Lapeer Y Ree 
Se Fis FRL0 Ell" PRABOD he A al 
Sis af SENSO EGO Sa nae ae 
whet, tees ae CEA wre et : My 
that Yavers aga Baas By fri ri Pal aqut Ke ‘aa ae | 
iP wry, ae eo Re id tas “cestsq rsewndh 


national trade: is not axphicttly ot 4 am 
SPEC LTi.cation of, eACESS sian ed Hen 


j : ae ae 
us; * * j ; { Hae : 


a aio 0 


Ya - 


In 


ae 
4 : 


SS 


BdLUd PLO 
abeoude 


PLala 


= 
: 


ce =| ha 
> 
=< 


Md 


uoLzONpoud) =. qd 
puewap yuodwt = QI 
Aiddns yuodxa = Sy 
puewap ILySawop = tad 
SaLuoquaAUuL BHbuLuULbaq =~) 
= a QUSUM 


SOLUOPUBAUL HULPUD 


ey’) ar 


The above equation is modified therefore for excess demand 


for wheat: 


(3.3) “Mas f (PW, POG, PS, OW, 1, y) 


M = aggregate imports 
where Pa = price of wheat 

PQG = price of other grains 

PS = price of soybean meal 


QW = production of wheat in importing region 
IW = beginning stocks of wheat in importing 
region 


Y = income in importing region 


For feed grains, livestock production should be in place of income in 
equation 3.8 above. 

There are many other factors affecting world demand for North 
American exports which are not specified explicitly in equation 3.3. 
Changes in exchange rates between exporting and importing region are 
incorporated by denominating all prices in equation 3.8 in SDR's, a trade 
weighted exchange rate of major international currencies. The effect of 
government policies in importing regions on import demand is not accounted 
for explicitly in the above formulation. Their imports are implicitly 
incorporated in the parameter capturing the reaction of domestic prices to 
world prices and through the intercept and other parameters of variables 
specified. Bredahl (1976) and Johnson (1975) have shown that this aspect 
has far reaching impacts on trade whilst Abbot (1979) has proposed an 


empirical framework to deal with it. 
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Several market rigidities are inherent in the marketing system 
_ which may affect import flows. Some factors which introduce rigidity 
into trade patterns are preferential arrangements, institutional features, 
contracts and commercial relations with other regions (whether it be the 
U.S. or the CWB). Trade share rigidity may be due to habit, and/or trade 
loyalities to particular products or sellers. Risk may also be a factor 
since buyers who frequently switch suppliers could incur fixed transaction 
costs and so it may be cheaper for the trader to pay a higher price to a 
stable supplier. Market aberrations are incurred with dock strikes, poor 
forward contracting facilities, shipping constraints and the like. Some 
of these factors can be captured through dummy variables. 

One individual excess demand functions are estimated, market 
shares of world trade can be derived and so are implicitly endogenous. 

The prices used in the excess demand functions are all denominated 
in SDR's, a trade weighted index of foreign currency values. In this way, 
the impact of changes in currency value on foreign demand for U.S. and 


Canadian grains are explicitly incorporated in the analysis. 


3.3 COMMODITY INVENTORIES 

The quarterly allocation of grain stocks is of critical 
importance in this model since ending quarterly stocks are the only source 
of supply for the ensuing quarter. Consequently, for distributing supplies 
between crop harvests. 

Inventory accumulation is normally associated with 3 basic 
motives: transaction, speculative and precautionary. Transactions 


demand for stocks refers to the trade-off between cost of holding 
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inventories (value of which could be invested) and the cost of no 
inventories (foregoing sales). Consequently, firms determine the 
optimal level of inventories, given the interest rate and cost of 
inventory holding. Speculative demand for stocks occurs when firms 
expect prices to change and/or a change of supply in the future. 
Precautionary demand refers to unexpected changes in production and/or 
demand so that firms can still meet their market commitments. 

The most common models of inventory behaviour include the 
accelerator, flexible accelerator and the buffer-stock models. Each 
of these are explained in detail by Labys (1975), Evans (1969) and will 
not be developed here. Essentially, the accelerator model postulates 


that inventories vary directly and proportionately with output. 


(3.9) I, : = AQ, where I, = ending inventories 
Q, = production 
and Q<{<] 


This model is developed to include modifications for partial adjustment 
of inventories to production, desired vs actual levels of inventories, 
Sharp changes in output, price expectations, unfilled orders, and buffer 
stock motives. 

Consequently, the ending inventories of grains can be specified 
as a function of production (transaction and precautionary demand), 
disappearance in previous quarter (transaction demand) futures prices 
(speculative demand) interest rate (opportunity or transaction cost) 


and the lagged dependent variable (stickiness effect). 
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3.4 PRICE DETERMINATION 

Since the primary objective in this study is to explain grain 
price movements, a diécussdonmwon price determination in commodity markets is 
in order. Labys (1975) points out that commodity price theory has received 
scant attention as an area separate from normal demand or equilibrium 
theory. He attributes this to three factors; first, if price forecasting 
is the goal, reliance has been on statistical or pragmatic price relation- 
Ships; second, price relationships have been simply derived by inverting 
or normalizing a demand equation; and third, an explicit price relationship 
has been avoided by deriving prices from a reduced form. Heien (1977) echoes 
this theme and relates commodity price relationships to that of macro model 
price behaviour where wages and output determine prices. He adds that the 
traditional supply and demand models, where the prices fall out of the 
identity, place too much emphasis on the stock equation as an equilibrium 
condition. Consequently, prices are expressed as a function of total 


availability of the commodity and total disappearance. 
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Figure 3.2 displays the method by which the world price of 
wheat and feed grains is derived. The resolution of total U.S. and 
Canadian beginning and ending inventories, domestic disappearance and 
production (part (a) in Figure 3.2) gives total excess supply (part (b) 
in Figure 3.3). The interaction of excess supply and import demand 
solves for the world price (part (c) in Figure 3.2). All farm, wholesale, 
CWB fixed, Canadian export, and world import prices are simultaneously 
determined with this world price through the specification of price 
linkage equations. Some concepts in constructing price linkage or 


transmission functions are now discussed. 


3.5 PRICE LINKAGE EQUATIONS 

As described in Section 2, there are several market levels of 
prices for Canada which must be linked to world prices, namely Canadian 
farm, wholesale and export prices for each of barley, oats, wheat and corn. 


(a) Wholesale Barley, Oats and Wheat Prices - Chicago Corn 
Price Differentials in Montreal 
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Prices for feed grains in Montreal were set in relation to 
Chicago corn prices by the CWB prior to 1974. Since 1974, only a portion 
of grain sales to Eastern Canada from Western Canada are under the 
authority of the CWB. Therefore, factors which affect the price spread 
between each grain, includes the CWB pricing decisions and the purchasing 
decisions of feed grain users. 

In a perfect market, differentials between feed grain prices 
should be explained by the composition of the grain in terms of nutrients 


(protein, energy, etc.) modified by the behaviour of feed grain purchasers, 
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consumer preferences for output, and the given 'mix' of livestock class. 
_ However, examination of Western Canadian feed grain - Montreal corn 
price spreads exhibit variations which appear not to be attributable to 
these factors alone. 

Consequently, five important categories of explanation for 
price variability between feed grain prices in wholesale markets are 


identified. These are: 


(1) market structure (notably the CWB and possibly large 
grain traders who hold grain positions in Eastern 
transfer elevators); 

(2) seasonality and market aberrations, particularly during 
the harvest season and close of navigation; 

(3) supplies of and demand for feed grains in Eastern Canada; 

(4) supplies of feed grains, relative to livestock production 
in Western Canada; and 

(5) prices of high protein feeds, livestock mix, consumer 
preferences for meat and other technical and behavioural 
aspects. 


(b) Farm-Wholesale Price Margins for Barley, Oats, Wheat 
and Corn 
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The primary factors affecting these price relationships are 
the demand and supply conditions on farms, which are indirectly controlled 
by the CWB through the imposition of delivery quotas. Therefore, these 
prices bear no direct relationship to either wholesale or export prices 


when quotas or transportation facilities are a constraint to grain movements. 
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(c) Canadian Export Prices 


These prices are set by the CWB in relation to world prices. 
The CWB presumably sets its price by taking into account of such factors 
as the prevailing and expected international grain prices, the volume of 
exports already committed, the availability of grain for domestic and 
export consumption, and the ability of the grain transportation and 


handling systems to move additional quantities of grain for export. 


4,0 THE MODEL STRUCTURE 


4.1 AN OVERVIEW OF THE ECONOMETRIC MODEL ~ 

In this section, a brief overview is given on the macro- 
components of the econometric model to follow. 

The major structural components estimated for each of the wheat 
and feed grain sectors are given in Figure 4,1. Each component in the 
Canadian portion of Figure 4.1 is estimated for barley, oats and wheat. 

In the U.S. portion of Figure 4.1, each component is estimated individually 
for feed grains (aggregation of oats, barley, sorghum and corn) and wheat. 
Production is the only component in Figure 4.1 that is exogenous in the 
econometric model. These components represented in Figure 4.1 are 
estimated along with two price determining equations (world price of 

feed grains and wheat) and many price linkage equations, the latter of 
which includes Canadian farm, wholesale, CWB initial and final prices, 

and export prices. 

The econometric model developed is a simple linear model 
designed to give local approximations to the true system. Rausser and 


Johnson (1978) argue that many economic relationships are not linear 
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but that complex non-linear structural specifications are inadequate 

_ for many forecasting purposes. The structural changes experienced in 
agriculture during the 1970's has magnified the poor performance of both 
linear and non-linear representations of traditional agricultural 
econometric models. Hence, they suggest that the model specification 

may as well be linear in the variables since there is little a priori 
information or theoretical foundations available to model builders 
concerning the choice of a functional form. The non-linear relationships 
or structural change could be incorporated with time-varying parameters. 
The choice of a linear model was the following advantages. First, 
statistical estimation is best suited for linear models and reduced forms 
of linear models are easily estimated, allowing analysis of the dynamic 
properties of the model. Second, reliability statistics are more easily 
generated from model forecasts and up-dating methods are more accessible 
for application to linear models. Parameter variation methods are not 
used in this study, nevertheless the models are estimated linearly in 

the variables. Non-linearity in parameters can be easily applied in 
further work. However, this would require considerable evaluation of the 
model relationships since Johnson states that one should not use 
variational parameter methods without strong a priori justification. 

The econometric model can be conveniently sub-divided into 
twelve sub-sectors (Table 4.1). The first sub-sector contains the 
estimates of feed demand for each grain (or set of grains) in Canada 
and the U.S. The major exogenous variables in this block include 


livestock production and prices, and the price of soybean meal. 
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The second sub-sector of the model is food and industrial 
demand for each grain in Canada and the U.S. The only exogenous 
variables in this case are per capita disposable income and population. 

The third sub-sector is farmers marketings to the commercial 
elevator system (off-farm) of barley, oats and wheat in Canada. As 
noted earlier, these equations are important in determining the 
availability of grains for export and food use, and the remaining grains 
on the farm determine largely the farm prices and levels of farm inven- 
tories. 

The fourth sub-sector contains the closing inventory equations 
for each grain in Canada and the U.S. These equations are vital in 
determining the world prices of wheat and corn, and are critical in the 
price linkage equations for Canadian farm, wholesale and export grain 
prices. The major exogenous variables are the futures price, grain 
production, loan rates in the U.S. and opportunity cost variables 
(interest rate for U.S. total and Canadian commercial stocks; livestock 
prices for Canadian farm stocks). 

The fifth sub-sector is the import demand equations for each 
region of Canada (oats, barley, wheat) and the U.S. (wheat and total 
feed grains). These equations are critical in determining the world 
prices of wheat and corn. The major exogenous variables include grain 
production and beginning inventories in both the U.S.S.R. and the R.O.W., 
livestock production in the U.S.S.R. and income in the R.O.N. 

The sixth sub-sector (sub-sector F in Table 4.1) is the 


equations determining Canadian export prices of barley, oats and wheat. 
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As mentioned earlier, these prices are set by the CWB and hence the 
. equations involve the modelling of those economic variables which are 
thought to be those to which the CWB react in setting export prices. 

The seventh sub-sector is the world import prices for 
Canadian barley and wheat, and U.S. wheat and corn, These prices are 
simply the export prices denominated in special drawing rights (SDR's) 
converted to the local currency. These prices are in the import demand 
equations contained in the fifth sub-sector. 

The eighth sub-sector contains price linkage equations of 
Canadian wholesale grain markets. These prices are in part controlled 
by the CWB and hence are greatly influenced by world prices and the 
domestic supply situation of each grain. 

The ninth sub-sector is the Canadian farm or off-board prices. 
These prices are estimated as a function of export prices, wholesale 
prices and the levels of farm inventories, all of which reflect the 
level of export sales and supply pressures affecting farm prices. 

The tenth sub-sector includes the CWB controlled initial and 
final pool farm prices, These prices are also farm prices in that the 
CWB pays farmers for the grain sold for export and food and industrial 
demand. These prices are distinct from those farm prices in sub-sector 
nine which are prices determined by the farm supply (farm inventories) 
and farm demand (feed and seed) and are not directly related to either 
export or wholesale prices (with the exception of the Chatham corn price). 

The eleventh sub-sector contains two balancing identities which 
are simply an aggregation of several endogenous and exogenous variables 


fed into other stochastic equations. 
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The final sub-sector are two equations from which the world 
price of wheat and corn are determined. The world price of wheat in 
U.S. dollars (U.S. gulf ports) is specified as a function of total 
availability of wheat in Canada and the U.S. and of total Canadian 
and U.S. exports. The world price of corn in U.S. dollars (Chicago) 
is determined through the supply/disposition identity of total U.S. 
feed grains. 

The model estimates outlined above contain fifty-three 
endogenous variables and fifty-four exogenous variables. In Section 5, 
a detailed description of the behavioural equations and their statistical 


properties are given. 
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TABLE 4,1 
An Overview of the Model 


FNNOGENQUS VARI ARLES «EXOGENOUS VARTABLES!/ 


FEED DEMAND 


1, Cdn barley Livestock Production 
2, Cdn oats Livestock Price 

3. Cdn wheat b/ Soybean Meal Price 
4, U.S, feed qrains— 

5, US, wheat 


FOOD & INDUSTRIAL DEMANN 


6. (Cdn barley Per Capita Disposable 
7.. Gdn oats Income 

8. Cdn wheat Population 

9. U.S, feed grains 

10. U.S. wheat 


FARMERS MARKETINGS 


11. Cdn barley Grain Production 
l2e Cdn oats Seed Use 
13. Cdn wheat 


ENDING INVENTORIES 


14. Cdn farm stks barley Futures Prices 
15, Cdn farm stks oats Interest Rate 

16. Cdn farm stks wheat Livestock Pricec/ 
17. Cdn com, stks barley Grain Production 
18, Cdn com. stks oats Loan Rates U.S, 


19. Cdn com. stks wheat 
20. U.S, stks feed grains 
Zi. U.S. total stks wheat 


IMPORT DEMAND 


22. Cdn feed grain2/exports ROW POW Income 
(excl, USSP) RO"! Grain Production 

23. Cdn wheat exports ROW ROW Grain Stocks 
(excl. USSP) USSR Livestock 

24, U.S, feed grain exports ROM production 

25. U.S. wheat exports RO’ NSSR Grain Production 
(excl. USSR) USSP Grain Stocks 
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26. Cdn feed grain exports USSR 


27. Cdn meat exports USSP 
28. U.S, wheat exports USSR 


CANADIAN EXPORT PRICES 


29. Cdn barley export price 
30, Cdn oats export price 
31. Cdn wheat export price 


WORLD IMPORT PRICES 


32. Wid barley price Cdn 
33. Wid wheat price Cdn 
34. Wild corn price !J.S. 
35. Wid wheat price U,S. 


CANADIAN WHOLESALE PRICES 


36. Montreal corn price 

37. Montreal feed wheat price 
38. Montreal barley price 

39. Montreal oat price 


CANADIAN FARM PRICES 


40. Corn price Chatham 
41. Off-Bd barley price 
42. Off-Bd oat price 

43, Off-Bd wheat price 


CWB FIXFD PRICES 


44, Initial price barley 
45. Initial price oats 

46. Initial price wheat 

47, Final pool price barley 
48. Final pool price oats 
49, Final pool price wheat 


BALANCING INDENTITIFS 


50. Total availability of Cdn 
& US, wheat 

51. Total €dn and U.S. wheat 
exports 


Soybean Meal Price 
Futures prices 


Grain Production 


SDR rates 


US/CDN Exchange Rate 


Grain production 
Transportation rates 


'!.S. Wheat Production 
Cdn Wheat Production 
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PRICE DFTFRMINING EQUATIONS 


52. VYlorld price of wheat U.S, Feed Grain Production 
(U.S, Gulf Ports) ,S, Feed Grain Seed Use 
53. World price of corn 
(Chicago) 


a/ Trend and dummy variables have been omitted from the list of 
exogenous variables. 


b/ U.S. feed’ gratns are an aggregation of corn, oats, barley and 
sorghum. 


c/ Livestock price used as an opportunity cost for Canadian farm 
stocks of oats, barley and wheat only, 
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SECTAONES 


The Econometric Model Results 


5.0 INTRODUCTION 
In this section, the specification and estimation of each 
equation outlined in the overview of the last section are given and 
discussed. The discussion begins with feed demand in sub-sector one and 
proceeds through each sub-sector, in order given before, and finishes 
with the discussion on the price determination equations for the world 
wheat and corn prices. All of the equations are estimated in linear 
form using Oana least squares with the estimation period as 196704 
to 197604. The coefficient of determination (RSQ) and the Durbin-Watson 
statistic (DW) are presented in the tables to follow, as are the coefficients, 


the student "t" values (in parentheses) and elasticities [in square brackets]. 


5.1 FEED DEMAND EQUATIONS 

In section 3, feed demand was hypothesized to be a derived 
demand was hypothesized to be a derived demand and theoretically a 
function of the quantity and price of final output, the price of the 
product and the price of substitutes. Table 5.1 displays the regression 
results for each of the five feed demand equations, Specifically, feed 
demand was regressed as a function of its own price (farm price for 
Canada and world prices for the U.S.), the price of substitutes (soymeal 
in the U.S. equations and an alternative feed grain in the Canadian 
functions), livestock production and livestock product price indices, 
and a dummy variable (for Canadian equations) representing a change in 


feed grain policy of inter-provincial movements of feed grains. 


ree Gi 
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All of the variables included in Table 5,1 have the expected 
signs with the exception of livestock price in equations 2 and 4 and 
livestock price in equation 3. However, each of these latter variables 
is statistically insignificant. A direct comparison of the elasticity 
estimates are not possible since quarterly estimates have not been 
published elsewhere. However, the elasticity values vary considerably. 
This may be due to the situation in the past in Canada whereby CWB quota 
policies coupled with excess supplies and weak export demand forced huge 
supplies on the farm and caused abnormal feeding conditions. In the 
U.S., wheat used for feed is sporadic and the data reported by the 


U.S.D.A. is derived from a residual, explaining its poor results. 


5.2 FOOD AND INDUSTRIAL DEMAND EQUATIONS 

Table 5.2 indicates that food and industrial demand is related 
to its own price, per capita disposable income and population. Income 
elasticities are all positive except for Canadian wheat. The price 
elasticity for food and industrial use is extremely inelastic. The 
The poor statistical fits for Canadian oats and barley may be due to the 


data whereby the disappearance data reported by Statistics Canada 


includes that used for feed by feed mill operations. 


5.3 FARMER MARKETING EQUATIONS 

Farmers marketings in this model are determined endogenously 
through an identity, rather than specifying a stochastic equation. 
Essentially, farmers marketings contain a supply element (farmers 
willingness to market) and a demand element (CWB's ability to sell grain 


domestically or in the export markets and consequent adjustment in 


rere 


= a 


marketing quotas). Consequently, farmers marketings in Canada for 


each grain can be specified from two different identities. 


(a) Marketings = Beginning commercial inventories - Ending 
commercial inventories - Domestic food and 
industrial demand - Export demand 

or 

(b) Marketings = Production + Beginning farm inventories 

- Feed demand - Seed demand - Ending farm 


inventories 


Since the CWB largely controls marketing quotas, through 
adjustments in commercial inventories and sales, it can be seen that 
once the CWB decides on how much grain is expected to be sold in export 
demand and domestic markets, and achieve desired levels of commercial 
inventories, the marketings are predetermined and the quotas are adjusted 
accordingly. This logic allows either equation of the form given in (a) 
and (b) to be used. As shown in Table 5.3, the equations used in the 


model are of the form in (a) above. 


5.4 ENDING INVENTORY EQUATIONS 

Stock equation for Canada are disaggregated into CWB influenced 
wholesale or commercial stocks and farm stocks. However, government 
owned and controlled stocks are not differentiated from privately held 
stocks in. the.W.s. 

The results for Canadian farm and commercial inventories are 


Shown in Table 5.4. Farm stocks are a function of the off-board farm 
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price and commercial stocks are a function of the Canadian export price. 
Given the unique situation of farm inventories discussed earlier, it is 
hypothesized that livestock prices are the relevant opportunity cost to 
farmers. The sign on the basis variables (futures price minus cash) are 
inconsistent and generally insignificant. Speculative demand for farm 
stocks are probably non-existent between quarters within a crop year and 
only marginal for carry-over between years. Some of the results are 
quite good in terms of the RSQ but eon must be done in determining the 
motives of the CWB in holding the desired levels of commercial inventories. 
The U.S. inventory equations are shown in Table 5.5 and results 


indicate proper signs and significant t ratios. 


5.9 IMPORT DEMAND EQUATIONS 

Import demand functions are generally specified to be a 
function of the own import price (own export price denominated in SDR's), 
import price of the same grain of a different exporting country, import 
price of a close substitute (soyméal), levels of grain production and 
beginning inventories in the importing region, the level of income and 
livestock production in the importing region, and the basis, representing 
expectations. | 

The world prices are denominated in a world trade weighted 
exchange rate (SDR rate) so that import demand is affected by the cost 
facing importers in their currencies. The shortfalls of grain production 
in importing regions are incorporated through the grain production and 
beginning stocks variables of the importing regions. Changes in demand 
(incomes) in importing regions are captured through the trend variable, 


ROW income and livestock production (in USSR). The Speculative behaviour 
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of importers is captured with the basis variable and the effect of 
alternative grains available to importers is incorporated in each 
equation through the specification of other grain prices and/or soymeal 
prices. 

The results of feed grain import demand equations are presented 
in Table 5.6. In general, the direct and cross price effects are quite 
significant as are the levels of grain production and inventories in 
importing regions. Similarly, the results for the import demand 
functions of wheat are given in Table 5.7 and the general observations 


are similar to those given above for feed grains. 


9.6 CANADIAN EXPORT PRICE EQUATIONS 


The export price is hypothesized to be a function of the world 
price (in Canadian dollars) and the lagged export price. Therefore, it 
is assumed the CWB sets its price in relation to the world price (determined 
by Canadian and U.S. production and inventories coupled with ROW import 
demand and domestic disappearance) and to the price in which they set it 
in the previous period. In addition, the export price is specified to be a 
function of total supplies (i.e. opening farm inventories plus grain production.) 
That is, as the level of commercial inventories rise, the CWB is exporting 
less and hence sets the export price at higher levels. 

The results are presented in Table 5.8. The beginning 
commercial inventory variables all have positive signs whilst production 
and farm inventories are negative except in the export price of wheat 


equation. 
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5,7 WORLD IMPORT PRICE EQUATIONS 

World import prices are simply the U.S. and Canadian export 
prices denominated in SDR's. Since the model is linear, the import 
prices are specified as a function of the SDR rate, time and the export 


price. The equation estimates are given in Table 5.9. 


9.8 CANADIAN WHOLESALE PRICE EQUATIONS 


The prices of feed wheat, oats and barley in Montreal and the 
price of corn in Chatham are specified as a function of the price of 
U.S. corn in Montreal, lagged dependent variable, and the beginning 


levels of farm and commercial inventories. 


9.9 CANADIAN FARM PRICE EQUATIONS 


Farm prices are regressed on Canadian export prices, Montreal 
wholesale prices, beginning farm stocks and the lagged dependent 
variable. In other words, the farm price equations are price linkage 
equations or reduced form representations. The results are presented 


in Table 5.11, 


9.10 CWB FIXED PRICE EQUATIONS 

There are two prices relevant to producers for their payment 
for grain marketed through the CWB, namely initial prices and final 
realized pool prices. The initial price is set by the government and 
can be termed a policy price.. The final price is merely an accounting 
price in that it is a weighted average of the initial, domestic and 
export prices received for grain marketed through commercial channels. 
Both of these prices are payments to the farmer for grain marketed under 


quota to the CWB which is sold on both the domestic and export markets. 


é far 
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The initial price is announced in the first calendar quarter preceding 

the crop year and is in effect at the beginning of each crop year 
approximately the third quarter). The government js considered to set 

the initial price in relation to current and anticipated world prices, 

the domestic and world supply situation, export movements in the past, and 
expected Sales: (Although normally the CWB has an estimate of marketing 
commitments for general quarters in advance.) The initial price is usually 
a conservative figure in that if it is too high, the government must pay 
the deficit. In subsequent quarters, the initial price may be increased 
if the first level is obviously too low in relation to current sales. 
Likewise, there is political pressure by producers to raise the initial 
price, particularly if past trends in world export prices are increasing. 
The CWB is less inclined to change initial prices in response to inflation 
of production costs since farmers are compensated through stabilization 
programs (WGSA). The total payment is simply an accounting identity, 

once the pool is closed. Given the initial prices, final payments are 
made in relation to total receipts by the CWB for domestic and export 
sales, less marketing and administration costs. The total payment is 
assumed to be made in the first calendar quarter following the end of 

the crop year. 

The initial prices are specified as a function of the initial 
price last year and last quarter, and the difference between the last 
quarter value and the current export price. The rationale is that the 
CWB will attempt to keep initial prices in line with export prices on 


a conservative basis so as to give a final payment. The three quarter 
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lag on the export price is used because the initial price effective for 
the beginning of the crop year is announced two quarters in advance. 

The final price is expressed as a function of the export price lagged 
three to six quarters, corresponding to the pool year to which the final 
price represents. Final prices are also a function of exports lagged 
six quarters so as to obtain a weight for the volume of exports. The 


results are presented in Table 5.12. 


9.11 BALANCING IDENTITIES 
There are two equations for wheat in the model which aggregate 
several endogenous and exogenous variables and are then fed into other 


stochastic equations. They are: 


(50) Total Availability = Beginning Cdn Farm Stocks + 
Beginning Cdn Com. Stocks + 
Beginning U.S. Total Stocks + 
Cdn Production + U.S. Production 
(51) Total Exports = Cdn Exports U.S.S.R. + Cdn Exports ROW + 


Use EXPOrts, Uss.cak.. a U.S. EXDOFGS ROW 


9.12 PRICE DETERMINING EQUATIONS 

The price of wheat is specified as an explicit price relationship 
(similar to an inverted inventory equation) whereby the world price of 
wheat is a function of total availability of wheat (total Canadian and 
U.S. wheat production and beginning stocks) and a function of total wheat 
exports by the U.S. and Canada to the ROW. Conversely, the price of 
corn in Chicago is determined through the supply/disposition identity for 


feed grains and is derived from a reduced form. This latter method was 


«P39 
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attempted for wheat also but did not work as well. A possible explanation 
for this may be that wheat disappearance in North America is proportionally 
higher in export markets than feed grains. Consequently, wheat prices are 
more dependent on world market developments, the latter of which is naively 
and simplistically modelled in this presentation. 

The price determining equation for the world wheat price is 
given in Table 5.13. Seasonal slope coefficients are given for the total 
wheat available variables. As wheat availability iHises, export price 
declines and conversely for changes in total wheat exports on the export 
price. 

The identity equation determining the Chicago price of corn is 


as follows: 


(53) U.S. Feedgrain Production + Beginning U.S. Feedgrain Stocks 
+ U.S. Feedgrain imports = Ending U.S. Feedgrain Stocks + Total 
U.S. Feedgrain Exports + U.S. Feedgrain Food Disposition + 


U.S. Feedgrain Disposition + U.S. Feedgrain Seed Disposition 
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6.0 THE EX POST SIMULATION RESULTS AND EX POST FORECAST ERRORS 


6.1 INTRODUCTION 

The foregoing model was simulated historically over the 
estimation period 1968Q2 to 197604, The simulation used actual values 
of exogenous variables. The measure of model performance over the 
simulation period is the root mean Square (RMS) percentage error. 
This is a measure of the deviation of simulated values from the 
historical series. This validation procedure of the model allows 
careful inspection of how well the model generates endogenous variables 
over the time period in which each equation was estimated. This 
procedure is in addition to the analysis of the statistical and economic 
properties of each equation given in the last section. 

In order to check the predictive ability of the model outside 
its estimation period, a prediction interval test (ex post forecast) was 
conducted for 1977 Ql and 1977 Q2 using known values of the exogenous 


variables and initial values of the lagged endogenous variables. 


6.2 EX POST SIMULATION RESULTS 

Before discussing the results of the RMS test for each sub- 
sector of endogenous variables, it may be useful to observe plots of 
the historical simulation between actual and generated values of key 
endogenous variables given in Figure 6.1 through 6.16. 

The simulation results for the world wheat price is shown 
in Figure 6.1. The model missed turning points in the last two quarters 
each in 1974 and 1976, and severely under-predicted prices in 1974 1 


and 1974 4, Otherwise, the model tracked actual prices quite closely 


s 4 fAl 


fe At 


and consistently. However, wheat prices are generally under-predicted 

‘in the sharp wheat price rise during 1973/74 and over-predicted in the 
latter part of 1976. Figure 6.2 presents the corn price simulation 
results. All turning points were picked up but prices are under-predicted 
in 1973 4, 1974 2, 1974 3 and over predicted in the latter half of 1976, 

Figure 6.3 through 6.6 present the simulation results for 
wheat and feed grain export demand from Canada and the U.S. U.S. wheat 
exports (Figure 6.3) simulates quite well, picking up most turning points, 
particularly in the last half of the simulation period. However, the 
Canadian wheat export demand equations (Figure 6.4) misses certain turning 
poi hes and under-predicts exports in 1973 through 1975. U.S. and Canadian 
feed grain exports (Figure 6.5 and 6.6) simulate reasonably well although 
consistent turning point errors and prolonged periods of over and under- 
predictions are apparent. 

Figures 6.7 through 6.9 present the simulation results for 
various inventory equations. U.S. feed grain inventories (Figure 6.7) 
simulate reasonably well as does Canadian farm inventories (Figure 6.9). 
However, commercial inventories in Canada did not simulate very well (an 
example is barley in Figure 6.8) reflecting the inadequate specifications 
of CWB stock holding motivations. 

Figures6.10 and 6.11 display examples of feed demand and food 
and industrial demand simulations respectively in the U.S. These seem to 
perform rather inconsistent in tracking absolute levels of demand but most 
turning points are forecast. 

Figure 6.12 gives an example of the farmer marketing equations 


(barley) simulations. These simulations perform poorly but is not 
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surprising given the fact it js calculated from an identity which tends 
to accumulate errors from both feed demand and farm inventories. In 
general however, the model did capture the major swings in marketings 
as shown in Figure 6.12. 

Examples of Canadian export, wholesale and farm price simulations 
are given respectively in Figures 6.13 and 6.15. Large errors in 


simulation are apparent in each of these equations. 


6.3 EVALUATION OF THE SIMULATION PERFORMANCE TEST | 

In Table 6.1, the simulation performance test statistic RMS 
is given for each equation of the model. 

The feed demand equations perform rather well except for the 
U.S. feed wheat equation. However, these values are generated from the 
U.S. wheat supply/disposition identity and hence accumulate errors from 
equations in the model. In addition, the U.S.D.A. calculates feed wheat 
as a residual and hence the data aresuspect, 

Food and industry demand do not simulate well for Canadian 
barley, oats and wheat. This may be due to the quality of the data used 
in that it includes some grain used for feed by millers, 

Farmers marketings simulated well under the circumstances that 
it is derived from the identity from which it accumulates the error from 
feed demand and farm inventory equations. 

The poorest inventory equation simulations are the Canadian 
commercial stock functions. This is partially due to the simplistic 
specifications of these equations in modelling CWB desired inventory 
holdings but is also due to errors in the simulation of Canadian export 


prices. 
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The import demand equations are also weak, due mainly to 
errors derived from wheat and corn world prices and Canadian export 
prices. 

The errors in the Canadian export price linkage equations are 
attributed to the inclusion of farm and commercial inventories in these 
equations. Errors in these latter variables plus those generated by 
the world wheat price, cause Canadian export prices to go array and 
initiate problems in other important equations of the model to simulate 
poorly, such as Canadian exports. Consequently, there are large RMS 
statistics for each of the Canadian farm and wholesale prices equations. 
This can be somewhat remedied by the exclusion of farm and commercial 
inventories in the export price linkage equations but would be gaining 
statistical improvement over a less sound structural representation of 
price determination. 

The errors in the world price of wheat and corn is a culmination 


of errors in export and inventory equations. 


6.4 EX POST FORECAST RESULTS 

The results of the ex post forecasts for 1971Q1 and 1972Q2 
are also given in Table 6.1. The error for the forecast of the world 
price of wheat is much lower than that for corn, a complete reversal from 
the simulation results. The largest errors are in exports, farmers 


marketings and Canadian food and industrial demand. 
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TABLE 6.1 


Simulation and Forecast Results 


Simulation Forecast Frror 
1968 2 Te 1976 4 Percentage 

RMS* 197 7 1977 ? 
FEED DEMANN 
Ve) Canekariey . 7 0 0 
2, €an Cats 1 3 - 3 
3. Cdn Wheat A] 3 32 
4 6S. Feed Grains R - | = 2 
5 U.S. Wheat 1150 m5 -284 
FOND & INDIUSTPTAL DEMAND 
6. Cdn Rarley 5] 68 0 
poecoan (Cats 559 16 10 
8, Cdn Wheat 4 ace = ieee 
9. (U.S. Feed Grains 3 - | i A 
10. U.S. Wheat z 0 5 
FAPMEPS MAPKETINGS 
11. Cdn Bartey A5 - 9 - 15 
12. Cdn Oats 75 69 108 
13. Cdn Wheat 35 10 - 10 
ENDING INVENTOPRTES 
14. Cdn Farm Stks Rarley 1? out) - 12 
15. Cdn Farm Stks Oats g - 4A - 18 
16. Cdn Farm Stks Wheat 19 - | - OQ 
17. Cdn Com Stks Barley 15 73 40 
18. Cdn Com Stks Oats 3] - 5 0 
19, Cdn Com Stks Wheat 60 10 Ie 
20. U.S, Total Stks Feed Grains 5 0 all, os 
21, U.Sa@ Total Stks Wheat 18 2 13 


IMPORT DEMANN 


22. Cdn Feed Grain Exports 
ROW (excl. USSP) 

23. Cdn Wheat Exports 
PW (excl. HSSP) 

24. U.S. Feed Grain Exports 
ROW (Total) 

25. U.S, Wheat Exports 
PO (excl. USSP) 

26, Cdn Feed Grains Exports 
USSR 

27. Cdn Wheat Exports 
USSP 

28. 'I.S. Wheat Exports 
USSP 


CANAPTAN FXPORT PRICES 


29, Cdn Barley Export Price 
30. Cdn Oat Export Price 
31. Cdn Wheat Export Price 


WORLP TMPORT PRICES 


32. Wid Barley Price Cdn 
33. Wid Wheat Price Cdn 
34. Wid Corn Price U.S. 
35. Wid Wheat Price U.S, 


CANADTAN WHOLESALE PPICES 


36. Montreal Corn Price 

37. Montreal Feed Wheat Price 
38. Montreal Parley Price 

39. Montreal Nat Price 


CANADIAN FAPM PPICES 


40. Corn Price Chatham 
Al. NFf-bd Parley Price 
42. Off-bd Nat Price 

43. Off-bd Wheat Price 
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*PRMS represents root mean squared percentage error. 


CYB EINE BE LCES 


. Initial Price Rarley 
. Initial Price Nats 
. Initial Price Wheat 


Final Pool Price Barley 
Final Pool Price Oats 
Final Pool Price Wheat 


BALANCING IPENTITIFS 


50% 


3 i 


Total Availability of Cdn 
and U.S. Wheat 

Total Cdn and U.S. ‘heat 
Exports 


PRICE DETERMINING EQUATIONS 


52. World Price of “Wheat 


(1.5, Gulf Ports) 


haawwliorld Price of Corn 


(Chicago) 
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SECTION 7 
Summary 


7.0 CONCLUSIONS 

This paper has presented an attempt to model the international 
wheat and feed grains sectors in a very simplistic manner on a quarterly 
basis. The preliminary results of this effort, albeit promising, show 
that additional work is required. However, the model does provide a 
capability for forecasting key economic variables, for evaluating 
government policies and for the examination of inter-sectoral relationships 
in Canadian agriculture. 

Further developments in this aspect of research should continue 


jn three areas of emphasis: 


(a) development of more accurate and representative time- 
series data and more thorough information of the 
institutions involved in international grain markets; 

(b) better specification of the existing structures and 
expansion and/or disaggregation of the components 
presented hitherto. 

(c) application of more sophisticated econometric and 


simulation techniques and tests. 
A discussion on point (a) above will now follow as (b) and (c) 


are more obvious improvements to the existing structure. 


7.1 FUTURE WORK 


In further development work in the specification and expansion 


of this model, one can categcrize 2 areas of emphasis: 


sa). eS 


—wAb & 


(1) Inventory Demand: 


It is recognized that U.S. government policies towards grain 
stocks have a significant impact on world prices and hence grain markets 
(in particular feed grains). Consequently, further work in the area of 
analyzing decision rules by producers, grain trades and governments 
(Centrally Planned Economics included) to U.S. government policies would 
be fruitful in explaining movements in the levels of prices, stocks and 
exports (both supply and demand of exports). In addition, analysis of 
the behaviour of CWB stock holding policies would also render valuable 


insights into the workings of the Canadian grain marketing system. 


(2) Import Demand: 

Given the reliance of Canadian and U.S. grain markets on world 
developments, it is necessary to improve the structural representation 
incorporating the impacts of changes in world demand, supply and price 
policies in North American exports and prices. This may be done without 
further country disaggregation (disaggregation of U.S.S.R. from the ROW 
in the present model does not appear to improve forecasts) but inclusion 
of other exporting nations excess supply functions and corresponding import 
demand functions. Also, it may be useful to have a structure (simple and 
aggregate) explaining the relationship between importing nations prices 
and world (U.S.) prices and the resulting effect on Canadian and U.S. 
exports. Also, more work ought to be done in specifying annual world demand 
(income) and supply (production and beginning stocks) variables in quarterly 


excess demand and supply equations. 
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There are many other areas of improvement for this model 
including improved formulation of expectations, formation patterns, risk 
formulations, endogenizing futures prices, endogenizing public policies 


explicitly, account for structural change and the like. 


(3) World Price Numeraire: 

The choice of numeraire for the world price variables is 
expected to be important in the flexible exchange rate regime and the 
related question of differential inflation rates. The S.D.R. was used 
here in an attempt to remove some of this bias but it may not be sdeisels 
satisfactory. This is because the S.D.R. tends to include stronger 
currencies which have appreciated against the U.S. dollar. Many 
important grain importing countries, however, have had weaker currencies 


which have depreciated in recent years. 
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CANADA AND U.S. GRAIN EXPORTS 
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; WHEAT FEED GRAINS 
| Canada US _ Canada | eee 

1967 oat Ree 20,714 956.2 20,571 
1968 8,324 14,808 616.9 " 16,336 
1969 9,430 16,492 2,002.5 19,066 
1970 11,846 20 085 4,116.4 18,653 
1971 13,710.2 17,200 5,181.0 24,387 
1972 15 692.4 31,800 3,704.7 35 ,400 
1973 11,413.6 31,100 2,788.4 43,800 
1974 10,739.0 28,000 3,034.5). 1, 2,5. 944400 
1975 12,284.5 31,500 4,621.5 46 ,300 
1976 13,409.4 25 ,800 4,641 50,600 
1977 15,998.3 31,100 4,274 52,100 
1978 13,048.6 32,500 4,226 60,200 
1979 15 904.9 24,500 5 042 70 600 
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APPENDIX 


EQUATION SPECIFICATION AND ESTIMATES 
QF THE QUARTERLY FORECASTING MONE! FOR 
THF INTERNATIONAL WHEAT AND FETA GRAINS SECTODS 
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